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Abstract 
In the last year, solar energy has acquired an important role in the production of energy, and today it represents a 
large quota of the energy demand, so as to represent, together with wind power, quite 100% of it during some days of 
the year. The quick diffusion of this technology has emphasized the question about which kind of installation could 
be productive, efficient and environmental friendly. Buildings are a good site for installation, but in many cases 
historical restrictions or an insufficient area make this kind of plants not a good investment. Ground installation 
seems to be easier and has fewer problems to solve, except for the intended use that the chosen area could have. 
Lands that are suitable for cultivation should not be used for the installation of PV. This paper aims to propose the 
installation of PV plants on closing (or closed) landfills, as a solution for the area for the PV plant thus achieving a 
beneficial reuse of dismantled areas. Geographic Information System (GIS) has been used for the screening of areas 
at regional level and then the technical feasibility of a PV-plant has been evaluated in one among the more suitable 
landfills. 
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1. Introduction 
Over the past two years, with the adoption of more rigorous procedures in the management of the 
waste collection, treatment and landfilling, as established by the European Directive 2011/92/EU, many 
landfills nationwide was set to close[1]. Landfills can be distinguished by the type of waste they collect, 
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according  with the provisions in art. 4 of Italian Legislative Decree 36/2003[2], which identifies three 
landfill types: 
x  Inert waste landfill; 
x Hazardous waste landfill; 
x Non-hazardous waste Landfill. 
 
Nomenclature 
 
D: row distance 
L height of module 
α declination at the winter solstice (Dec. 21, noon) 
β module tilt angle 
γ surface tilt angle 
h(i)  i-th waste layer effective height 
hMR coverage material height 
hMSW(i) i-th waste layer initial height 
WMSW(i) MSW layers weight 
WADD Additional facilities weight (PV modules, supporting structures, ballast)  
WMR coverage material weight 
γMSW(i) waste effective specific weight 
γ0MSW waste initial specific weight 
p(i) pressure of the i-th layer on the one lower one 
s layer surface  
a,b empirical constants 
s(t): settlement at time t 
H: waste layer initial height 
ε(t): vertical deformation at time t 
Δσ: vertical compressive force 
m: compressibility reference = 2.50E-05 1/kPa 
n: compression speed = 0.5 [=] 
trif: reference time for the Dimensionless Equation 
t: elapsed time from the Δσ 
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2. Greenfields and Brownfields. The role of Photovoltaic. 
The international debate has set more and more attention on the correct use of the soil [4]: the 
increasing urbanization, and together, the construction of power plants on potential agricultural areas 
changed the quality of soils that could be exploited in a more sustainable way [5]. At the same time, the 
so-called brownfield sites increased over time, undermining the production characteristics of the soil, and 
are likely to be potentially dangerous for health and environment [6],[7]. 
Landfills, by their nature, can be considered, once started the post-operative period, as brownfields. 
Their characteristics make them not suitable for the construction of buildings, while it can be assumed to 
build "temporary" facilities, with different weight and impact, on this type of area: photovoltaic plants are 
one of them [8]. This solution could also fulfil a long debate about big PV plants mounted on ground, 
which have spread in Italy in recent years, thanks to strong incentives: they brought significant benefits in 
terms of EU goals achieved by Italy, and  on cost for users [9], but have also been widely criticized for 
the use of agricultural land.  
2.1. Composition of a Landfill 
Landfills for non-hazardous waste, that are considered in this study, are generally composed by a 
sequence of layers. Surface, embankments side and the bottom of the tank have a waterproofing layer, 
consisting in a double layer of HDPE, which, together with the net for collection of the percolate 
constitutes a waterproofing system capable of ensuring the highest possible performance at the moment. 
The layers of mineral material compacted (generally, bentonite clay) and the geomembrane constitute a 
security protection towards rain infiltration. The upper layer consists of vegetable soil, 1 m thick, is used 
to plant grass, and it's also a basis for rainwater collection. 
The organic component of municipal solid waste (MSW) is always subject to a strong reduction of its 
volume once it has been  placed in an anaerobic environment [10].These volume reductions induce 
deformations of the upper layer that affect the stability of structures that may be present on the surface 
and this is a crucial problem for photovoltaic systems, influencing both the optimal electricity production 
that the integrity of structures and modules. In the case study, the volume reduction was estimated as well 
as the time necessary for its stabilization.  
3. Feasibility study of a PV plant on a landfill. 
The identification of a suitable site occurs through a three-step process. The pattern used is a tree chart, 
which according to some questions of site assessment, directs the design to a later stage, or identifies the 
possible obstacles. The phases for the detection of a possible site are the following: 
x Pre-Screening. This phase consists in finding and evaluating: solar resource, available area, distance 
from existing infrastructure, topography of the site, priority on upgrading 
x Site-screening. Interest of the owner, type of system to be installed, costs of electricity, energy 
demand, state of contamination of the site and its operational status are the information needed; 
x Financial-screening. At this stage you need to have the following information: political considerations 
and regulations, situation on incentives, cost of installation. 
Data related to the first phase are readily available through GIS maps, databases online, and can be 
easily obtained through visual inspection. The second phase usually requires the collection of information 
by the owners or operators of the site, also using specialized tools or equipment. For the third phase, 
information can be obtained by a market analysis on the construction costs of the plant. 
If the screening phase provides a positive result, additional data should be collected in order to verify 
the possible features of PV plant and its best configuration. 
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x Landfill identification (type of waste treated, location, area interested and waste volume). 
x Landfill characteristics: leachate (leachate collection system, drainage, well, tanks size and location), 
biogas (network of collection, treatment and recovery) and rainwater collection system. 
x Data for PV system design (climate data and irradiation according to UNI 10349 including the 
assessment of the components of the radiation, geometry of the available surface and obstacles, 
shadows, site plans and sections including leachate, biogas, and rainwater collection systems 
x Calculating the approximative layout of the plant,  and the distance between the rows with the formula 
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3.1. Estimation of waste volume reduction and associated time 
In order to calculate the effective height of the i-th waste layer, h(i), we use the following equations: 
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After calculating the effective waste heights, it is possible to estimate the time necessary for 
landfill/PV system to get the final settlement. Although there are complex models for this evaluation, this 
data can be achieved through the Power Creep Law, used for the description of the movements of any 
viscous medium under compression [11]. 
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4. Case study: PV plant in a landfill in Rezzato (BS), Italy 
The project is the installation photovoltaic array on the top of a non-hazardous waste landfill, located 
in the municipality of Rezzato (BS), Italy. This area is located in a large flat area well connected to 
highways, at a suitable distance from population and streams, and it’s free from any kind of constraint. Its 
characteristics are summarized in table 1. 
Maximum available areas has been considered for the dimensioning of the PV generator, considering 
as a bond the plans on environmental restoration of the landfill in Rezzato. Systems for conveying and 
collecting rainwater, as the slope of the roof, have not been modified in any way. Using common software 
for PV plants, all the characteristics were collected and determined. 
In accordance with Kiatreungwattana et al. [12], the daily radiation is greater than 3.5 kWh /m2day, 
and so the site can be considered perfectly suitable to house a photovoltaic generation system. A-A’ 
section divides the area into two lots with gradients of 2.8° to the left, and 2.7° to the right. Sizing the 
system, the module allocation has been studied to avoid disturbing rainwater collection network. In the 
first dimensioning, the installation of a 7 MW power plant is considered, with more than 23,000 PV 
panels installed (choosing photovoltaic modules with power above 300Wp).  
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Table 1. Geographic and climatic data, Characteristics of the landfill - Rezzato 
Geographic and climatic data  
Municipality Rezzato (BS) 
Latitude – Longitude - Altitude 45°35’54’’.36 – 10°19’03’’.72 – 147 m 
Day degrees (climatic zone) 2,329°C (E) 
Annual radiation 1370,70  kWh/m2 
Daily radiation (average) 3,8 kWh/m2 
Characteristics of the landfill  
Waste type 
Total potential volume 
Municipal Solid Waste 
1.890.000 m3 
Annual potential volume 236.250 m3/year = 283.500 t/year 
Daily landfilled waste volume 945 m3/year 
Groundwater level 119,00 – 119,50 m mean sea level 
Bottom level 121,30 m mean sea level. 
Upper medium level 132,50 m mean sea level 
Waste embankments total surface 167.000 m2 
Landfill total surface 245.000 m2 
Total lots 9 
Embankments type 8 layers, 2 m. height each, with 60 cm of coverage material 
Maximum height 144,00 mean sea level 
 
The support structures are ballasted. As the prevailing wind direction is East-West (being the panels 
oriented to south), this kind of supports is suitable, as there is no danger of overturning of the panels for 
strong winds. settlement estimation represents the real problem connected to this type of installations, and 
it needs of a thorough study, being MSW subject to a volume reduction over time. 
 
 
Fig. 1. Final layout of the photovoltaic plant 
The calculations of effective heights have been done according to (2), (3), (4), (5); parameters used are 
summarized in Table 2. Assuming the landfill in post-closure conditions, with no phenomena of settling 
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for the covering layer and a reduction of 15% by weight of each layer compared with the previous, the 
resulting weights are shown in table 3. 
Table 2. Parameters for settlement calculation 
Parcel dimension Surface, S 1 m2 
 Initial height of each waste layer, H 2 m 
 n° of waste layers 8 
MSW weight Initial specific waste, γ0RSU 700 kg/m3 
Coverage material Height, hMR 0,35 m 
 Weight WMR 900 kg 
Additional structures Module weight 18,6 kg 
 Ballast and structure weight 200 kg 
Empirical constants a 17 m 
 b 0,0017 m3/kg 
Table 3. Characteristics of the layers 
 layers  
i= 8 i= 7 i= 6 i= 5 i= 4 i= 3 i= 2 i= 1 
W(i) 1400 1190 1012 860 731 621 528 449 
p(i)  [kg/m2] 900 1800 6014 7850 18501 19401 12596 14984 
γ0RSU (i)    [kg/m3] 753 806 1021 1125 1788 1841 1404 1487 
hRSU (i) [m] 0,00 0,00 0,99 0,76 0,00 0,00 0,38 0,30 
h(i) [m] 0,35 0,35 1,34 1,11 0,35 0,35 0,73 0,65 
 
The total height, starting from an initial value h = 16.00 m, will come to 9,37m with a volume 
reduction of 41.4%. After the calculation of the effective heights, it is possible to estimate the time 
needed by the system (dump and  PV field) to lose 6.63m, using (6). Results are reported in table 4. 
Table 4. Results for each layer 
Layer i p(i) [kg/m2] Δσ [kPa] h(i) [m] s(i) [m] t(i) [s] t.eff(i) [days] 
8 1819 17,84 1,76 0,24 1922307 2942,25 
7 4014 39,36  1,31 0,69 1684233 2574,49 
6 6014 58,98 0,99  1,01 1704093 2209,72 
5 7850 76,98 0,76 1,24 1757047 1845,34 
4 9545 93,61 0,60 1,40 1823434 1481,10 
3 11121 109,07 0,47 1,53 1882744 1116,79 
2 12598 123,53 0,38 1,62 1947226 752,54 
1 13984 137,14 0,30 1,70 2002882 388,18 
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5. Conclusions 
This work has investigated the possibility of the application of a PV system over landfills surface, 
which currently have not ever a beneficial use for the community, for the environmental risks and impacts 
associated to. The planning should not interfere with existing structures such as leachate, biogas and 
rainwater collection systems, and evaluate the settlements that can be managed properly considering their 
height and the time necessary for their taking place. Further research may be about structures that are 
adjustable on the basis of incident radiation and subsidence that have occurred. 
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